ABSTRACT: A total of 29 570 false king crab Paralomis granulosa were sampled from the Beagle Channel (54°51' S, 68°12' W), Tierra del Fuego, Argentina, between July 1996 and August 1998. Crab size varied from 6.8 to 111.2 mm carapace length (CL). A few crabs parasitized by the rhizocephalan Briarosaccus callosus were found; prevalences of externae (the rhizocephalan reproductive body) and scars (the mark left on the host after the death of the parasite) were 0.28 and 0.16%, respectively. Of 85 externae examined, 55 were non-ovigerous and 30 ovigerous. The cryptoniscid isopod Liriopsis pygmaea infested 36.5% of the B. callosus examined. The most abundant stage was the cryptonicus larva, accounting for 208 of the 238 L. pygmaea recovered. Cryptonisci showed a highly aggregated distribution. A total of 92.7% of cryptonicsci were recovered inside empty externae, suggesting that the latter were attractive to cryptonisci. Early subadult females of L. pygmaea were rare; only 3 individuals occurred inside 1 ovigerous externa. Eight late subadult and 18 adult females were found on 3 and 7 non-ovigerous externae, respectively; in addition, 1 aberrant late subadult was found on 1 ovigerous externa. In the Beagle Channel, the population of P. granulosa harbours 3 different parasites: the bopyrid isopod Pseudione tuberculata, which reaches highest prevalence at 10 to 20 mm CL, the rhizocephalan B. callosus, with highest prevalence at 20 to 40 mm CL, and the cryptoniscid isopod L. pygmaea, which mainly infests rhizocephalan on crabs > 40 mm CL.
INTRODUCTION
The false king crab Paralomis granulosa currently constitutes the main commercial shellfish in coastal waters of southern South America, chiefly in the Strait of Magellan and the Beagle Channel. Although basic biological information required for fishery management of P. granulosa is available (Lovrich & Vinuesa 1999) , knowledge of its parasites and their potential effects is limited (Hoggarth 1990 , Roccatagliata & Lovrich 1999 ).
The rhizocephalan Briarosaccus callosus has been reported worldwide on lithodid crab species (Pohle 1992b) . In the southern hemisphere, B. callosus was found infesting Lithodes santolla, Paralomis granulosa, and P. spinosissima. The infested specimens of P. granulosa and L. santolla were collected in the Strait of Magellan, Beagle Channel and Malvinas (Falkland) Islands (Boschma 1962 , Stuardo & Solís 1963 , Campodonico et al. 1983 , Vinuesa 1989 , Hoggarth 1990 , Roccatagliata & Lovrich 1999 , whereas those of P. spinosissima were found exclusively in the South Georgia Islands area (Basson 1994 , Otto & MacIntosh 1996 , Watters 1998 . Otto & MacIntosh (1996) suggested that infested crabs from the South Georgia Islands identified by Boschma (1962) as Lithodes antarcticus (= L. santolla) probably belong to P. spinosissima.
Several authors reported the occurrence of isopod hyperparasites in lithodids infested by the rhizocephalan Briarosaccus callosus from the Crozet Islands, South Georgia Islands and Canadian Atlantic waters, but none of them identified these specimens (Boschma 1962 , Arnaud & Do-Chi 1977 , Pohle 1992a ,b, Otto & MacIntosh 1996 , Watters 1998 . While examining commercial catches of the false king crab Paralomis granulosa, taken from the Beagle Channel from 1996 to 1998, we found some B. callosus infested by 1 or more isopod epicarid each. We have identified and redescribed this hyperparasite as Liriopsis pygmaea (Peresan & Roccatagliata 2004) .
Liriopsis spp. are cryptoniscid isopods that parasitize rhizocephalan barnacles. They are protandric hermaphrodites, i.e. they are functional males when young and later change into females. Ovigerous females lose their isopod appearance and become a sac, with neither segmentation nor appendages, and die after expelling the larvae (Caullery 1908) .
The biology of Liriopsis spp. is poorly documented. Caullery (1908) presented a comprehensive study of L. monophthalma, a hyperparasite of the rhizocephalan Peltogaster curvatus in the Bay of Naples, Italy. Because Liriopsis infestations are rare, we present data on the biology of L. pygmaea, a parasite of the rhizocephalan Briarosaccus callosus from the Beagle Channel.
MATERIALS AND METHODS
A total of 29 570 specimens of Paralomis granulosa were collected in the Beagle Channel (54°51' S, 68°12' W), Tierra del Fuego, Argentina. Crabs > 50 mm carapace length (CL) were captured with commercial conical traps between 10 and 50 m depth in July, September, October and December 1996, January, March, May, July and October 1997, and March, June, August and October 1998. During each survey, samples ranging from 924 to 3220 crabs were inspected for parasites. Crabs < 30 mm CL were collected by SCUBA at 8 to 10 m depth near the Bridges Islands (54°51.0' S, 68°14.5' W), in August 1996 and February 1997. They were found inside crevices or hydrozoan colonies, and under rocks (Lovrich & Vinuesa 1995) . Most crabs between 30 and 50 mm CL were caught with tangle nets of 40 mm mesh at 10 to 16 m depth in December 1996.
The CL of all sampled crabs was measured with a dial caliper to the nearest 0.1 mm according to Lovrich & Vinuesa (1993) . Those Paralomis granulosa showing externae or scars (indicative of lost externae) of the rhizocephalan Briarosaccus callosus were taken alive to the laboratory and fixed whole in 5% formalin-seawater. Each crab was classified into one of the following infestation categories: (1) infested by rhizocephalan: crabs with 1 to 2 externae attached to the soft ventral side of the abdomen; (2) rhizocephalan-scarred: crabs showing a dark rounded mark on the softer ventral side of the abdomen, indicative of a lost rhizocephalan externa; and (3) uninfested: crabs with neither externae nor scar evidence of past infestations by Briarosaccus callosus.
We considered that a false king crab was parasitized by Briarosaccus callosus when it had an externa in a position normally occupied by the egg mass of the host. However, this procedure does not account for those crabs infested by rhizocephalans in an early stage of development, i.e. those infested crabs in which the externa has not emerged yet. A hyperparasitized false king crab is easily recognizable when it carries mature females of Liriopsis pygmaea, which appear as bulbous sacs affixed to the mantle of rhizocephalan externa (see Fig. 1 ). However, immature stages of the hyperparasite are located within the rhizocephalan mantle cavity, and found only after dissection.
In the laboratory, Briarosaccus callosus externae were carefully removed from the crabs. The projection of the 72 Fig. 1 . Paralomis granulosa parasitized by Briarosaccus callosus hyperparasitized by Liriopsis pygmaea. Ventral view of a P. granulosa (68 mm carapace length, CL) with exposed abdomen showing an externa of B. callosus (arrow) infested by 6 late subadult females of L. pygmaea (one of them behind the externae, not observed in the photograph). Scale bar = 20 mm silhouette of the externa on a plane (area of externa: AE) was measured with an image analyzer Leica Quantimet 520. Under the stereomicroscope, the outer surface of the externa was inspected for cryptonisci, and after that the externa was dissected longitudinally with fine scissors. Adults and late subadult females of Liriopsis pygmaea were carefully detached from the outer wall of the externa, and early subadult females and cryptonisci were recovered from the mantle cavity. All of the hyperparasites were preserved in 70% ethanol.
Like other Peltogastridae, Briarosaccus callosus has a cuticular shield showing concentric rings or annuli, each indicating 1 molt (Lützen 1987) . Under the stereomicroscope, the wall surrounding the stalk of the externa was cut with fine scissors and its outer cuticle detached with forceps from the epidermis. The removed piece of cuticle was cleaned with a small brush, mounted to a concave slide with glycerin, and sealed with a cover glass. The number of annuli was counted under a transmitted light microscope.
Individuals of the hyperparasite Liriopsis pygmaea were enumerated and classified according to Peresan & Roccatagliata (2004) as follows:
Cryptoniscus larva ( Fig. 2A ): Body fusiform and segmented, with holdfast peraeopods and swimming pleopods. Inhabiting the inside mantle cavity, occasionally on the outer surface of the externa. Males differ from cryptoniscus larvae only in having mature testes, thus the term 'cryptoniscus larva' is used in this survey to refer to both stages (see also Nielsen & Strömberg 1973) .
Early subadult female ( Fig. 2B ): Body consisting of a large sac and a small flat disk, segmentation and appendages lost. Inhabiting the inside of the mantle cavity.
Late subadult female ( Fig. 2C) : Body divided by a constriction into a rhomboidal caudal portion embedded in the mantle cavity, and an anterior subspherical brood pouch freely exposed.
Adult female (Fig. 2D ): Embedded portion of the body boat-shaped; subspherical brood pouch with a ventral slit through which larvae are released.
The externa of Briarosaccus callosus becomes greatly distended when the mantle cavity is filled with eggs (or embryos), and noticeably smaller after the release of nauplii (Bower & Sloan 1985) . Therefore, the relationship between the size of the externa and the size of the host crab was tested independently for both reproductive stages of the rhizocephalan (ANOVA, Sokal & Rohlf 1995 
RESULTS

Infestation of Briarosaccus callosus on
Paralomis granulosa
Out of 29 570 false king crab Paralomis granulosa sampled in the Beagle Channel, the prevalences of externae and scars of the rhizocephalan Briarosaccus callosus were very low: 0.28 and 0.16%, respectively. B. callosus infested P. granulosa measuring 19.7 to 79.4 mm CL (Figs. 3 & 4) . Seven double infestations of B. callosus were observed, 4 on crabs measuring 24 to 26.9 mm CL, and 3 on crabs of 37.3 to 47.6 mm CL. Besides the double infestation, these last 3 crabs each showed a scar (indicative of former infestation). A simultaneous infestation with an externa and a scar was observed in a crab measuring 39.0 mm CL.
Prevalences of externae and scars of Briarosaccus callosus peaked at different host sizes (Fig. 3) . The prevalence of externae was highest (ca. 10%) at 20 to 39.9 mm CL, whereas the prevalence of scars was highest (1.05%) at 40 to 49.9 mm CL; both of which gradually declined thereafter. Scars were more frequent than externae at host size-classes > 60 mm CL.
The area of the externa (AE) was positively correlated with CL of Paralomis granulosa (Fig. 4) , an indi- (D) , the bold horizontal line represents the mantle wall of the Briarosaccus callosus externa, upon which L. pygmaea is a parasite. Drawings are to different scales: cryptoniscus larvae are 1.4 to 1.5 mm length, the remaining stages vary from 3.3 to 9.7 mm length (see Peresan & Roccatagliata 2004 for details) cation that new infestations occur on young crabs, after which parasite and host grow together. However, since externae with eggs (or nauplii) are distended, the slope of the regression line for ovigerous externae was greater than that for non-ovigerous externae (ANOVA F = 30.2; p Ӷ 0.001). Linear regressions were as follows: AE ovigerous = 11.2 × CL -222.5 (F regression = 154.2; p Ӷ 0.001; R 2 = 0.84); AE non-ovigerous = 6.0 × CL -128.5 (F regression = 187.2; p Ӷ 0.001; R 2 = 0.76). The smallest ovigerous externa was approximately 20.6 mm 2 . The stalk of each externa was surrounded by a strong shield, which showed very distinct and clearly separated annuli. The number of annuli ranged from 1 to 69 in the 65 specimens counted, indicating that the rhizocephalan molted up to 69 times after the extrusion of the externa.
Hyperparasitism of Liriopsis pygmaea on
Briarosaccus callosus
Of the 85 externae of Briarosaccus callosus examined, 31 (36.5%) were infested by 1 or more stages of Liriopsis pygmaea. Hyperparasites occurred on B. callosus externae that measured from 77.5 to 621.4 mm 2 AE (Figs. 4 & 5). The maximum prevalence of L. pygmaea (75%) was recorded for the host externae size class of 200 to 299 mm 2 AE (Fig. 5) . Infested externae <100 mm 2 AE hosted only cryptonisci. The remaining size classes of B. callosus included both cryptonisci and female stages.
The cryptoniscus larva was the most abundant stage to infest externae. Of the 238 Liriopsis pygmaea recovered, 208 were cryptonisci (Table 1) . Of these, 193 (92.7%) were found inside the mantle cavity of Briarosaccus callosus; only 11 (5.7%) were attached to the outer surface of the externa. Of these 11 cryptonisci, 5 were attached to non-ovigerous externae and 6 to ovigerous externae (Table 2 , Fig. 4) . However, an imprecise number of cryptonisci could have become detached from the outer surface of externae during sampling or fixation of the material, and hence, the abundance of cryptonisci may have been underestimated. The location data of 4 cryptonisci from an ovigerous externae were lost, and therefore it was not possible to determine whether they were on the mantle cavity or on the outer wall of the externa (Table 2 , Fig. 4 ). Early subadult females were rare; only 3 individuals were found, all of them on 1 ovigerous externa. A total of 9 late subadult females and 18 adult females were found on 4 and 7 non-ovigerous externae, re- spectively. Adult females were always accompanied by cryptonisci (Table 1) . We investigated whether Liriopsis pygmaea was equally distributed between ovigerous and non-ovigerous Briarosaccus callosus (Table 2) . Most of the externae infested by L. pygmaea were non-ovigerous. The observed frequency of infested ovigerous externae was significantly lower than expected (Fisher's Exact test, p = 0.004). A similar tendency was observed when the effect of the cryptonisci, or that of the females, was analyzed separately. However, for the latter, the null hypothesis was marginally non-significant (Fisher's Exact test, p = 0.055).
The frequency distribution of the number of individuals of Liriopsis pygmaea on each externa of Briarosaccus callosus was markedly aggregated (Fig. 6) . When compared to a Poisson distribution, non-infested externae, and those with 6 or more individuals of L. pygmaea, were more frequent than expected, whereas externae with 1 to 5 individuals of L. pygmaea were fewer than expected (goodness of fit of Poisson χ 2 = 518.8, p Ӷ 0.001). An extreme case was observed in 1 externa which had as many as 1 adult female and 46 cryptoniscus larvae of L. pygmaea.
DISCUSSION
The prevalence of Briarosaccus callosus was extremely low (0.28%) in the false king crab Paralomis granulosa. This agrees with the generally low prevalence, i.e. 0.24 to 2.34%, previously reported (Campodonico et al. 1983 , Vinuesa 1989 , Hoggarth 1990 ). In the Malvinas (Falkland) Islands, Hoggarth (1990) reported that the prevalence of externae was highest in crabs ranging from 30 to 39.9 mm CL (3.2%, calculated Table II ). In the Beagle Channel (present study), this rhizocephalan was also more prevalent among smaller crabs, i.e. prevalence peaked around 10% in the size classes 20 to 29.9 and 30 to 39.9 mm CL (Fig. 3) . Hoggarth (1990) did not observe infested crabs of 20 to 29.9 mm CL, likely because small crabs were scarcely represented in his samples. Although the prevalence of B. callosus externae was higher in the Beagle Channel than in the Malvinas (Falkland) Islands, both populations showed similar trends: a gradual decrease of infestation with crab size, and a higher prevalence of scars than externae among larger crabs. Although the prevalence of Briarosaccus callosus was low, that of the hyperparasite Liriopsis pygmaea on B. callosus was moderately high (36.5%). Otto & MacIntosh (1996) reported a maximum prevalence of 15% of B. callosus on the lithodid crab Paralomis spinosissima around the South Georgia Islands. In turn, 26% of these rhizocephalans were infested by an isopod hyperparasite. These authors likely recorded the hyperparasites that were only attached to the outer surface of the externae and, therefore, underestimated the actual prevalence of the hyperparasite. In our study, the prevalence of externae with specimens of L. pygmaea fixed to their outer wall was as low as 13%, that is, half of that presented by Otto & MacIntosh (1996) .
The internal cryptonisci of Liriopsis pygmaea were exclusively found in non-ovigerous externae. This fact suggests that the cryptonisci invade the externae when the latter are free of eggs or nauplii. Supporting this hypothesis was the highly aggregated distribution of cryptonisci, which may indicate a massive invasion during the short interval between the release of one batch of nauplii and the next oviposition. We did not recover any L. pygmaea that had just begun to metamorphose into females, but we found 3 early subadult females in a single externa containing thousands of eggs. Although this single case is insufficient to reach a conclusion, it suggests that the rhizocephalan can release at least 1 new batch of eggs into the mantle cavity after cryptonisci invasion. Further data are needed to confirm this preliminary observation.
All the examined externae that had female isopods of Liriopsis pygmaea attached to their outer wall (except 1 having an aberrant subadult female) were nonovigerous. This fact suggests a detrimental effect of L. pygmaea on the egg production of the rhizocephalan Briarosaccus callosus. Caullery (1908) also found ovigerous or spent female isopods attached to nonovigerous externa in Peltogaster curvatus infested by L. monophthalma. Caullery (1908) suggested that atrophy of the rhizocephalan ovary may occur during the intrapaleal female phase of L. monophthalma, and that sterilization is likely temporary, since the ovaries of P. curvatus recover after the death of the hyperparasite.
The isopod Liriopsis monophthalma has a life span of ca. 12 wk (Caullery 1908) . Lützen (1987) counted 11 to 75 annuli on the cuticular shields of Briarosaccus callosus infesting Lithodes aequispinus from the Northeastern Pacific, and estimated that B. callosus may live as many as 9.4 yr. In the present study we recorded externae of B. callosus with up to 69 annuli. Assuming that the life span of Liriopsis pygmaea is much shorter than that of the B. callosus, and taking into account the fact that the prevalence of L. pygmaea was relatively high (36.5%), we speculate that nearly all the population of B. callosus became hyperparasitized 1 or more times throughout their life span.
In addition to the rhizocephalan Briarosaccus callosus and the hyperparasite Liriopsis pygmaea, the false king crab Paralomis granulosa hosts a third parasite: the isopod bopyrid Pseudione tuberculata. This bopyrid lives in the left, and only rarely in the right, branchial chamber of the crab. These 3 parasites occur at disparate size classes in the population of the false king crab P. granulosa from the Beagle Channel. The prevalence of the bopyrid P. tuberculata was highest among crabs ranging from 10 to 20 mm CL (Roccatagliata & Lovrich 1999) , whereas that of the rhizocephalan B. callosus was highest among crabs ranging from 20 to 40 mm CL (Fig. 3) . Moreover, the smallest crab carrying a rhizocephalan infested by L. pygmaea was 37.3 mm CL (Fig. 4) . Crabs > 60 mm CL are virtually free of parasitism. The only evidence of a past bopyrid or rhizocephalan infestation is a bulge on their carapaces or a scar under their abdomens, respectively. 
